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(57) ABSTRACT

An objective of the present invention is to provide an aden-
ovirus vector expressing a REIC/Dkk-3 protein at a high level
and containing a DNA construct for expression of REIC/
Dkk-3 DNA, wherein the DNA construct is prepared by ligat-
ing, from the 5' terminal side,
(1) a CMV promoter,
(i1) REIC/Dkk-3 DNA,
(iii) a polyA addition sequence, and
(iv) enhancers prepared by linking an hTERT (Telomerase
Reverse Transcriptase) enhancer, an SV40 enhancer,
and a CMV enhancer in this order.
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Fig. 3

Lane M: size marker(DNA Marker DL2000: from the top 2000, 1000, 750, 500, 250, 100bp)
Lane 1- 8: Clone #1-8
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Fig. 4
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Fig. 5

Lane M: size marker(Taara Code 3415A)
Lane 1: Xhol-digested Adeno-X-hREIC
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Fig. 7
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Fig. 9
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Fig. 10
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Fig. 11
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REIC-EXPRESSING ADENOVIRUS VECTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national phase of international appli-
cation PCT/JP2012/064250, filed May 25, 2012, which was
published on Nov. 29, 2012, as WO 2012/161352, which
claims the benefit of Japanese application No. 2011-117321,
filed May 25, 2011. Each of these applications is incorporated
herein by reference in its entirety.

TECHNICAL FIELD

The present invention relates to an adenovirus vector con-
taining a promoter, an enhancer, and the like and expressing
the REIC/DKkk-3 protein at a high level.

BACKGROUND ART

Various gene expression promoters suchas CMV and CAG
promoters have been developed to increase gene expression
efficiency (Patent Documents 1-4). However, in the field of
biotechnology, even when these conventional techniques are
used, problems regularly occur, such that almost no gene
expression takes place or the amount of the thus expressed
protein is extremely low, depending on cell types or gene
types. These problems cause big barriers to the development
of' medical care using gene expression for diagnosis or treat-
ment.

Meanwhile, the REIC/Dkk-3 gene is known to be a gene
relating to cell immortalization. It has been reported that the
expression of this gene is suppressed in cancer cells. It has
also been reported that the REIC/Dkk-3 gene has been used
for cancer therapy (Patent Document 5).

CITATION LIST
Patent Documents

Patent Document 1 JP Patent Publication No. 2814433

Patent Document 2 JP Patent Publication No. 2814434

Patent Document 3 U.S. Pat. No. 5,168,062 Description

Patent Document 4 U.S. Pat. No. 5,385,839 Description

Patent Document 5 International Patent Publication
WO01/038523 pamphlet

SUMMARY OF THE INVENTION

An objective of the present invention is to provide an aden-
ovirus vector expressing high levels of the REIC/Dkk-3 pro-
tein.

The present inventors have examined the use of the REIC/
Dkk-3 gene for gene therapy against cancer and have found
that the incorporation of the REIC/Dkk-3 gene into an expres-
sion vector that is administered to a living body exhibits an
effect in cancer therapy. The present inventors have inten-
sively examined a method to cause the expression of the
REIC/DKkk-3 gene at a higher level in vivo, considering the
possibility that in vivo expression of the REIC/Dkk-3 gene at
such a high level could increase therapeutic effects against
cancet.

The present inventors have attempted the development of a
new gene expression system using a promoter, which enables
gene expression with higher efficiency. Specifically, pro-
moter activity has been compared and examined using com-
binations of various gene promoters and enhancers.
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As aresult, they have discovered that the REIC/Dkk-3 gene
is expressed at a significantly high level in vivo and exhibits
significantly improved therapeutic effects against cancer
when a CMV (cytomegalovirus) promoter was used as a
prompter and a construct prepared by ligating REIC/Dkk-3
DNA to a site downstream of a CMV (cytomegalovirus)
promoter, ligating a polyA sequence to a site downstream of
the DNA, and ligating enhancers prepared by linking an
hTERT (Telomerase Reverse Transcriptase) enhancer, an
SV40 enhancer, and a CMV enhancer in this order to a site
downstream of the polyA sequence is inserted into an aden-
ovirus vector, which is then administered to a living body.
They thus have completed the present invention. Specifically,
the present invention is as described below.

[1] A DNA construct for the expression of REIC/Dkk-3 DNA,
which is prepared by ligating, from the 5' terminal side:
(1) a CMV promoter;

(ii) the following REIC/Dkk-3 DNA:

(a) DNA comprising the nucleotide sequence shown in
SEQIDNO: 1,

(b) DNA hybridizing under stringent conditions to DNA
comprising a nucleotide sequence complementary to
the nucleotide sequence shown in SEQ ID NO: 1 and
encoding a protein having cancer cell death-inducing
activity and/or tumor cell growth-suppressing activ-
ity,

(c) a polynucleotide comprising a nucleotide sequence
ranging from the 1* nucleotide to any single nucle-
otide from the 117% nucleotide to the 234” nucleotide
inthe nucleotide sequence shown in SEQID NO: 1, or

(d) a polynucleotide hybridizing under stringent condi-
tions to a polynucleotide that comprises a nucleotide
sequence complementary to a nucleotide sequence
ranging from the 1* nucleotide to any single nucle-
otide from the 117 nucleotide to the 234” nucleotide
in the nucleotide sequence shown in SEQ ID NO: 1,
and encoding a polypeptide having cancer cell death-
inducing activity and/or tumor cell growth suppress-
ing activity;

(iii) a polyA addition sequence; and

(iv) enhancers prepared by linking an hTERT (Telomerase

Reverse Transcriptase) enhancer, an SV40 enhancer,

and a CMV enhancer in this order.

[2] The DNA construct of [1], wherein the polyA addition
sequence is a polyA addition sequence (BGA polyA)
derived from a bovine growth hormone gene.

[3] The DNA construct of [ 1] or [2], containing the nucleotide
sequence shown in SEQ ID NO: 6, wherein (ii) REIC/
Dkk-3 DNA, (iii) the polyA addition sequence, and (iv)
enhancers prepared by linking the hTERT (Telomerase
Reverse Transcriptase) enhancer, the SV40 enhancer, and
the CMV enhancer in this order, are ligated.

[4] An adenovirus vector, containing the DNA construct of [1]
or [2].

[5] A cancer cell death-inducing agent, containing the aden-
ovirus vector of [4].

[6] A tumor cell growth-suppressing agent, containing the
adenovirus vector of [4].

[7] A cancer therapeutic drug, containing the adenovirus vec-
tor of [4].

The adenovirus vector contains a DNA construct for
expression of REIC/Dkk-3 DNA, wherein the DNA construct
is prepared by ligating, from the 5' terminal side, (i) a CMV
promoter; (ii)) REIC/Dkk-3 DNA, (iii) a polyA addition
sequence, and (iv) enhancers prepared by linking an hTERT
(Telomerase Reverse Transcriptase) enhancer, an SV40
enhancer, and a CMV enhancer in this order. The adenovirus
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vector can: express REIC/Dkk-3 DNA at a high level in vivo;
exhibit a higher gene expression level than an adenovirus
vector containing a DNA construct that is prepared by ligat-
ing REIC/Dkk-3 DNA to a site downstream of a CMV pro-
moter or a CAG promoter, but lacks the above enhancers;
induce cancer-selective cell death; and suppress tumor
growth. Therefore, the adenovirus vector of the present inven-
tion can be favorably used for gene therapy against cancer
using REIC/Dkk-3 DNA.

This description includes part or all of the contents as
disclosed in the description and/or drawings of Japanese
Patent Application No. 2011-117321, which is a priority
document of the present application.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the structure of the REIC/Dkk-3 DNA
expression construct of the present invention.

FIG. 2 shows the nucleotide sequence of the REIC/Dkk-3
DNA expression construct of the present invention.

FIG. 3 shows the results of confirming inserts in the con-
structed adenovirus vector containing the construct of the
present invention.

FIG. 4 shows the results of confirming the structure of the
constructed adenovirus vector containing the construct of the
present invention.

FIG. 5 shows the results of confirming the structure of the
purified adenovirus vector containing the construct of the
present invention.

FIG. 6 shows the results of confirmation (check) regarding
the RCA (Replication Competent Adenovirus) for the con-
structed adenovirus vector containing the construct of the
present invention.

FIG. 7 shows the intensities of REIC-Dkk-3 gene expres-
sion when various vectors were used.

FIG. 8 shows the degrees of cell death induction when
various vectors were used.

FIG. 9 shows the effects of tumor growth suppression when
various vectors were used (No. 1).

FIG. 10 shows tumors after treatment, indicating tumor
growth-suppressing effects when various vectors were used.

FIG. 11 shows the effects of suppressing tumor growth
when various vectors were used (No. 2).

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

Hereatfter, the present invention is described in detail.

The present invention relates to a DNA construct contain-
ing REIC/Dkk-3 DNA, which can be used for REIC protein
expression, and further relates to a recombinant adenovirus
vector containing the DNA construct. The structure of the

DNA construct of the present invention is shown in FIG. 1.
The nucleotide sequence of REIC/Dkk-3 DNA is shown in

SEQ ID NO: 1. Furthermore, the amino acid sequence of the

REIC/DKk-3 protein that is encoded by REIC/Dkk-3 DNA is

shown in SEQ ID NO: 2. In the present invention, REIC/

Dkk-3 may also be referred to as “REIC.”

Moreover, the DNA of REIC/Dkk-3 contained in the DNA
construct of the present invention is:

DNA hybridizing under stringent conditions to DNA having
a nucleotide sequence complementary to the nucleotide
sequence shown in SEQ ID NO: 1;

DNA having at least 85%, preferably at least 90%, further
preferably at least 95%, and particularly preferably at least
97% sequence identity with the nucleotide sequence
shown in SEQ ID NO: 1, when calculated using BLAST
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(Basic Local Alignment Search Tool) at the National Cen-
ter for Biological Information (NCBI) or the like (with the
use of, for example, default (i.e., initial) parameters); or

DNA encoding a protein that comprises an amino acid
sequence having a substitution, a deletion and/or an addi-
tion of one or a plurality of or several (1 to 10, preferably 1
to 5, and further preferably 1 or 2) amino acids with respect
to the amino acid sequence of the protein encoded by the
above DNA; which

encodes a protein having cancer cell death-inducing activity
and/or tumor cell growth-suppressing activity.

Under “stringent conditions” referred to herein, for example,
hybridization is carried out with about 1xSSC, 0.1% SDS,
and 37° C. Under more stringent conditions, it is carried
out with about 0.5xSSC, 0.1% SDS, and 42° C. Under
further stringent conditions, it is carried out with about
0.2xSSC,0.1% SDS, and 65° C. With the higher stringency
of hybridization conditions, the isolation of DNA having
higher homology with a probe sequence can be expected.
However, the above combinations of SSC, SDS and tem-
perature conditions are given only for illustrative purposes.
Through appropriate combination of probe concentration,
probe length, hybridization reaction time, and the like,
required stringency can be realized. Persons skilled in the
art can adequately determine such “stringent conditions”
as conditions where DNA with high sequence identity can
hybridize. Furthermore, the DNA of REIC/Dkk-3 con-
tained in the DNA construct of the present invention is
DNA encoding the protein shown in SEQ ID NO: 2.
Moreover, REIC/Dkk-3 DNA contained in the DNA con-

struct of the present invention is a fragmental nucleotide

comprising a partial nucleotide sequence of the nucleotide

sequence of the DNA, including nucleotides which encode a

peptide having cancer cell death-inducing activity and/or

tumor cell growth-suppressing activity. Such a fragmental
nucleotide can be easily obtained by cleaving the full-length

REIC/Dkk-3 DNA at appropriate sites and then determining

whether the resultant has cancer cell death-inducing activity

and/or tumor cell growth-suppressing activity. Examples of
such a fragmental nucleotide include: a polynucleotide com-
prising a nucleotide sequence ranging from the 1% nucleotide
to any single nucleotide from the 1177 to the 234” nucle-
otides in the nucleotide sequence of REIC/Dkk-3 DNA
shown in SEQ ID NO: 1; and a polynucleotide hybridizing
under stringent conditions to a polynucleotide comprising a
nucleotide sequence complementary to the nucleotide
sequence ranging from the 1°* nucleotide to any single nucle-
otide from the 117 to the 234” nucleotides in the nucleotide
sequence of REIC/Dkk-3 DNA shown in SEQID NO: 1; each
of which encodes a polypeptide having cancer cell death-
inducing activity and/or tumor cell growth-suppressing activ-
ity. Examples of such a polynucleotide comprising a nucle-
otide sequence ranging from the 1% nucleotide to any single
nucleotide from the 117* to the 234" nucleotides in the

nucleotide sequence of REIC/Dkk-3 DNA shown in SEQ ID

NO: 1 include the polynucleotide (SEQ ID NO: 3) ranging

from the 1/ to the 117" nucleotides and the polynucleotide

(SEQ ID NO: 4) ranging from the 1 to the 234” nucleotides.

Polypeptides encoded by these polynucleotides having can-

cer cell death-inducing activity and/or tumor cell growth-

suppressing activity are described in U.S. patent application
publication No. 2011-0269824, which corresponds to JP

Patent Publication (Kokai) No. 2009-114103 A, for example.
REIC/Dkk-3 DNA can be obtained from human cells,

human tissue, and the like based on the sequence information

of SEQ ID NO: 1. REIC/Dkk-3 DNA can also be obtained
according to WO01/038523.
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The DNA construct is prepared by ligating a CMV (cy-
tomegarovirus) promoter to a site upstream of REIC/Dkk-3
DNA, and a polyA addition sequence (polyadenylation
sequence, polyA) to a site downstream of REIC/Dkk-3 DNA.
Examples of the origin of the poly A addition sequence (poly-
adenylation sequence, polyA) include, but are not limited to,
a growth hormone gene-derived polyA addition sequence
(e.g., a bovine growth hormone gene-derived poly A addition
sequence (BGA polyA)) (contained in the nucleotide
sequence shown in SEQ ID NO: 5 (the sequence of the 13%
nucleotide and nucleotides following thereto)), a human
growth hormone gene-derived polyA addition sequence, an
SV40virus-derived poly A addition sequence, and a human or
rabbit globin gene-derived polyA addition sequence. Tran-
scriptional efficiency is increased by causing the DNA con-
struct to contain such a polyA addition sequence. Moreover,
enhancers (3xenh) prepared by linking an hTERT (Telom-
erase Reverse Transcriptase) enhancer, an SV40 enhancer,
and a CMV (cytomegarovirus) enhancer in this order are
ligated to a site downstream of the polyA addition sequence
(inFIG. 2, the “3xenh” portion denotes the relevant sequence;
and the sequence in FIG. 2 is shown in SEQ ID NO: 6).
Specifically, the DNA construct is prepared by ligating, from
the 5' terminal side, (i) a CMV promoter, (ii) REIC/Dkk-3
DNA, (iii) a polyA addition sequence, and (iv) enhancers
prepared by linking the hTER (Telomerase Reverse Tran-
scriptase) enhancer, the SV40 enhancer, and the CMV
enhancer in this order.

The above elements should be functionally linked (ligated)
to each other. The expression used herein, “functionally
linked (ligated) to each other” means that elements are linked
or ligated to each other so that each element can exhibit its
functions so as to enhance the expression of a gene to be
expressed.

The above expression cassette can be obtained by inserting
REIC/Dkk-3 DNA into a pShuttle vector (Clonetech) con-
taining a foreign gene insertion site downstream of a com-
mercial CMV promoter, and a BGA polyA sequence down-
stream of the insertion site, and then ligating an hTERT
(Telomerase Reverse Transcriptase) enhancer, an SV40
enhancer, and a CMV enhancer in this order to a site down-
stream of the BGA polyA sequence.

The structure of a portion of the DNA construct containing
REIC/Dkk-3 DNA of the present invention, which lacks the
CMYV promoter, is shown in FIG. 2, and the sequence thereof
is shown in SEQ ID NO: 6. In FIG. 2, a BGA poly A sequence
is contained between REIC/Dkk-3 DNA and 3xenh. The
DNA construct containing REIC/Dkk-3 DNA of the present
invention has a CMV promoter upstream (5' side) of the
sequence shown in SEQ ID NO: 4.

The DNA construct of the present invention is used after
introduction thereof into an adenovirus vector. The present
invention also encompasses an adenovirus vector containing
the DNA construct for expression of REIC/Dkk-3 DNA. A
vector system containing the DNA construct of the present
invention is referred as an SGE (Super Gene Expression)
system. For example, an adenovirus vector containing a DNA
construct that contains REIC/Dkk-3 DNA and a CMV pro-
moter is referred to as Ad-SGE-CMV-REIC. The above aden-
ovirus vector containing the DNA construct is obtained by
preparing a recombinant adenovirus through introduction of
the DNA construct into an adenovirus vector. Introduction of
the DNA construct into an adenovirus can be performed by
introducing the DNA construct in a pShuttle vector contain-
ing the DNA construct of the present invention into an aden-
ovirus, for example.
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An adenovirus vector is characterized in that: (1) it enables
gene transtfer into many types of cells; (2) it enables efficient
gene transfer into even cells at the stationary phase; (3) it can
be concentrated by centrifugation, and thus a high-titer virus
(10-11 PFU/ml or more) can be obtained; (4) and it is suitable
for direct gene transfer into in vivo tissue cells.

As adenoviruses for gene therapy, the first generation aden-
ovirus vector prepared by deleting the E1/E3 region (Miyake,
S., et al., Proc. Natl. Acad. Sci. U.S.A., 93, 1320, 1996), the
second generation adenovirus vector prepared by deleting, in
addition to the E1/E3 region, the E2 or E4 region (Lieber, A.,
etal., J. Virol., 70, 8944, 1996; Mizuguchi, H. & Kay, M. A.,
Hum. Gene Ther., 10, 2013, 1999), and the third generation
adenovirus vector prepared by almost completely deleting the
adenovirus genome (GUTLESS) (Steinwaerder, D. S., et al.,
J. Virol., 73, 9303, 1999) have been developed. Any of these
adenovirus vectors can be used without particular limitation
for the gene transfer according to the present invention.

A recombinant adenovirus vector containing the DNA con-
struct that contains REIC/Dkk-3 DNA of the present inven-
tion is administered to a human subject or a subject that is
another mammal, so that a gene for cancer therapy is deliv-
ered to cancer cells of the subject, the gene is expressed in
cancer cells, cell death is induced selectively for cancer cells,
and/or tumor cell growth is suppressed so that therapeutic
effects are exhibited against cancer. The present invention
encompasses a viral preparation for cancer therapy contain-
ing such an adenovirus vector. Examples of cancer to be
treated herein include, but are not limited to, brain/nerve
tumor, skin cancer, gastric cancer, lung cancer, hepatic can-
cer, lymphoma/leukemia, colon cancer, pancreatic cancer,
anal/rectal cancer, esophageal cancer, uterine cancer, breast
cancer, adrenal cancer, kidney cancer, renal pelvic and ure-
teral cancer, bladder cancer, prostate cancer, urethral cancer,
penile cancer, testicular cancer, osteoma/osteosarcoma, lei-
omyoma, rhabdomyoma, and mesoepithelioma. The aden-
ovirus vector of the present invention can also be used for
treatment of primary cancer and metastatic cancer. Further-
more, the present invention further encompasses a method for
treating cancer by administering the above adenovirus vector
to a subject.

The adenovirus vector of the present invention can be
administered by methods that can be used in the field of gene
therapy, such as via intravascular administration (e.g., intra-
venous administration and intraarterial administration), per-
oral administration, intraperitoneal administration, intratra-
cheal administration, intrabronchial  administration,
subcutaneous administration, or transdermal administration.
In particular, the adenovirus vector of the present invention
has strong directivity toward a specific tissue or cells, and thus
is capable of efficiently delivering a target gene to a specific
tissue or cells. Therefore, efficient diagnosis and treatment
can be performed even through intravascular administration
of the adenovirus vector.

The adenovirus vector may be administered at a therapeu-
tically effective dose, which can be easily determined by
persons skilled in the field of gene therapy. Furthermore, the
dose can be adequately varied depending on the severity of
the pathological condition, gender, age, body weight, lif-
estyle, and the like of the subject. For example, the adenovirus
vector may be administered in doses ranging from 0.5x10" to
2.0x10"? viral genome/kg body weight, preferably ranging
from 1.0x10"* to 1.0x10* viral genome/kg body weight, and
further preferably ranging from 1.0x10"! to 5.0x10'" viral
genome/kg body weight. The term “viral genome” represents
the number of molecules of the genome of an adenovirus
(viral particle count), and is also referred as “particle(s).” The
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adenovirus vector contains a carrier, a diluent, and an excipi-
ent which are generally used in the field of formulation. For
example, lactose, magnesium stearate, and the like are used as
carriers or excipients for tablets. An aqueous solution is used
for injection, such as physiological saline or an isotonic solu-
tion containing dextrose or another adjuvant, and this can be
used in combination with an appropriate solubilizing agent
(e.g., alcohol, polyalcohol such as propylene glycol, and non-
ionic surfactant). As an oily fluid, sesame oil, soybean oil, or
the like is used. As a solubilizing agent, benzyl benzoate,
benzyl alcohol, or the like can also be used in combination
therewith.

The present invention is hereafter described in detail with
reference to the following examples, although the present
invention is not limited thereto.

Example 1
Construction of a pShuttle-REIC-TSC Plasmid

The DNA construct of the present invention containing a
human REIC/DKkk-3 gene as a foreign gene (i.e., a gene to be
inserted) was prepared. The DNA construct (FIG. 1) used
herein was constructed by inserting DNA encoding the REIC/
Dkk-3 protein into the insertion site of Xba 1-Kpn 1 of a
commercial pShuttle plasmid vector (Clontech), and further
inserting three enhancers (an hTERT enhancer, an SV40
enhancer, and a CMV enhancer; such enhancers are herein-
after referred to as “TSC”) into the insertion site of Kpn
1-EcoR 1 downstream of the DNA encoding the REIC/Dkk-3
protein to form BGH poly A+3 enhancers. FIG. 2 shows the
nucleotide sequence [SEQ ID NO: 6] of a construct in which
DNA encoding REIC was inserted (excluding the CMV pro-
moter sequence). SEQ ID NO: 7 shows the nucleotide
sequence of the region containing BGH poly A and three
enhancers (contained in the above construct). In FIG. 2, por-
tions (1) and (2) enclosed by frames in the nucleotide
sequence indicate DNA encoding the REIC/Dkk-3 protein
and the three enhancers (3xenh), respectively. The pShuttle
plasmid vector containing the above construct is referred to as
a “pShuttle-REIC-TSC plasmid.”

Example 2
Preparation of Ad-SGE-CMV-REIC

A recombinant adenovirus vector containing the above
construct was further constructed.

For construction, an Adeno-X (trademark) Expression
System 1 (TaKaRa Code.Z1513N) and a Plasmid Midi kit
(QIAGEN Code.12143) were used.

The recombinant adenovirus vector containing the con-
struct shown in FIG. 1 is referred to as “Ad-SGE-CMV-
REIC.”

1. Construction of Adeno-X Plasmid

The pShuttle-REIC-TSC plasmid was digested with
restriction enzymes, PI-Sce [, [-Ceu I, and thus an expression
cassette specific to the target gene was obtained. The expres-
sion cassette was ligated to Adeno-X Viral DNA, and then the
ligation product was digested with Swa 1. Electro competent
cells, DH10B, were transformed with the ligation product,
and then the cells were plated on an LB agar medium supple-
mented with ampicillin. The thus obtained colonies were
picked up and then amplified with an Adeno-X System PCR
Screening Primer Set. Amplification bands were confirmed
by electrophoresis. A 287-bp amplification band was
obtained for the Adeno-X plasmid DNA containing the target
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gene expression cassette, and thus the selected colonies #1, 2,
4, 5, and 7 were confirmed to be target plasmids (FIG. 3).
Sequencing was performed for the selected colony #4 using
primers constructed upstream and downstream of the cloning
site Swa I. The analytical results confirmed that the target
gene had been inserted forward in the recombinant plasmid,
and that the ligation had caused no excessive insertion or
deletion of nucleotides.

Escherichia coli was transformed with the selected clone
#4, and then cultured with shaking in an LB medium contain-
ing ampicillin. On the next day, plasmid DNA was purified
from the cultured cells using a DNA purification kit. The
resultant was partially digested with restriction enzymes Xho
1, Pac I, and then electrophoretic bands indicating expected
fragment sizes were detected by agarose gel electrophoresis
(digested with Xho I: 0.6 kbp, 1.4 kbp, 2.6 kbp, 8 kbp, 9 kbp,
and 14.5 kbp; and digested with Pac I: 2.9 kbp and 33.3 kbp
in FI1G. 4)

It was thus confirmed that clones obtained by scale-up
preparation were target recombinant plasmids.

2. Preparation of Recombinant Adenovirus
(1) Preparation of Primary Virus

293 cells were cultured in DMEM containing 10% FBS, 2
mML (final concentration)-glutamine and a 1% penicillin-
streptomycin solution in a 6-cm collagen coated Petri dish to
100% confluency. AdenoX-REIC-TSC plasmid (5 pg)
digested with Pac I restriction enzyme was transfected using
TransIT-293. 24 hours later, medium exchange was per-
formed. After confirmation of cell degradation on day 13,
cells were collected. A cell pellet was suspended uniformly in
medium, freezing and thawing were repeated 3 times, and
then the supernatant obtained by centrifugation was deter-
mined to be each primary viral solution.

(ii) Preparation of Secondary Virus

293 cells that had been cultured in the 6-cm collagen coated
Petri dish to 70% to 100% confluency were infected with the
primary viral solution. Upon viral infection, DMEM contain-
ing 5% FBS, 2 mML (final concentration)-glutamine, and a
1% penicillin-streptomycin solution was used. After confir-
mation of the degradation of the 293 cells, cells were col-
lected, freezing and thawing were repeated 3 times, and then
the supernatant obtained by centrifugation was determined to
be a secondary virus.

(iii) Preparation of Tertiary Virus

293 cells that had been cultured in a T-75 collagen coated
flask to 70% to 100% confluency were infected with the
secondary virus. After confirmation of the complete degrada-
tion of the 293 cells, the culture solution containing the cells
was recovered. After ultrasonication, the supernatant
obtained by centrifugation was determined to be a tertiary
virus. The resultant was aliquoted at 1 m[./vial, rapidly frozen
with dry ice, and then stored at —80° C.

3. Method for Preparation of Purified Recombinant Adenovi-
rus
(1) Scale-Up Preparation

293 cells were cultured in a multilayer cell culture flask
until confluent. The tertiary virus titer was confirmed using an
Adeno-X (trademark)-Rapid Titer Kit, and then the 293 cells
were infected therewith under optimum conditions. After
confirmation of the complete degradation of the 293 cells, the
cells were collected, and then subjected to freezing and thaw-
ing. The supernatant obtained by centrifugation of the result-
ant was determined to be a viral solution.

(ii) Purification by Cesium Chloride Density-Gradient Cen-
trifugation Method

A cesium chloride solution and the viral solution obtained
in (i) above were layered using an ultracentrifugation tube,
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and then the resultant was subjected to centrifugation at 4° C.
and 25,000 rpm for 2 hours. The virus bands formed were
collected. A cesium chloride solution was further added,
ultracentrifugal separation was performed at4° C. and 35,000
rpm for 3 hours, and then the virus bands formed were col-
lected. The viral solution was collected by performing ultra-
centrifugation twice and then dialyzed against 10% glycerol-
containing PBS(-) using a dialysis cassette. The solution
collected by dialysis was aliquoted (0.5 mL each), and then
cryopreserved at -80° C.

4. Quality Inspection of Purified Recombinant Adenovirus
(1) Titer Measurement (TCID,, Method)

The purified viral solution was diluted 1x10°-fold with
medium and subjected to an 11-step serial dilution (three-fold
each) on a collagen coated 96-well plate. The 293 cell sus-
pension (50 ul) of the same quantity was added, and then cells
were cultured. Control cells were cultured by adding only a
298 cell suspension and medium. On day 14, the end point of
cell degradation was determined by observation under a
microscope with the naked eye, and then 50% cell degrada-
tion end point (TCID,,) was calculated using the following
Kaber formula (Table 1). The TCID., value calculated by this
method was well consistent with “pfu”, 1 TCID5,=1 pfu was
employed.

TCIDs,=(dilution ratio for the 1% line)x(serial dilution

ratio)x 0> Kaber formula

Where the sum of (the number of wells with cell degradation)/
(the number of specimens) at Z=each dilution step

TABLE 1
Results of the measurement of titer
Virus Plate # Titer (pfu/mL)
Adeno-X-hREIC 1 1.9 x 10'° 24 x10'°
2 29x10'°

(i1) Confirmation of Structure

293 cells that had been cultured on a collagen coated
24-well plate to 70% to 100% confluency were infected with
1 uL. of a viral solution prepared by diluting the purified viral
solution 10-fold with PBS. After confirmation of complete
cell degradation, cells were collected. Total DNA was
extracted and prepared, digested with Xho I restriction
enzyme, and then subjected to agarose gel electrophoresis.
Expected fragment sizes of 0.6 kbp, 1.44 kbp, 2.46 kbp, 6.1
kbp, 8 kbp, and 14.5 kbp were detected. The insertion of DNA
fragments of the target size was confirmed (FIG. 5).

(iii) RCA (Replication Competent Adenovirus) Check (PCR
Method)

HelL a cells that had been cultured on a 24-well plate to 70%
to 100% confluency were infected with 1 pl. of a viral solu-
tion prepared by diluting the purified viral solution 10-fold
with PBS. Three days later, cells were collected and then used
to prepare total DNA. PCR was performed using the extracted
DNA as atemplate and primers for E1A gene detection (sense:
5'-ATGAGACATATTATCTGCCAC-3 (SEQ ID NO: 8) and
antisense: 5'-GTAAGTCAATCCCTTCCTGCAC-3") (SEQ
ID NO: 9). As a result, the 240-bp El gene band to be ampli-
fied with the use of these primers was not detected in any of
the viral samples, confirming that there was no RCA contami-
nation (FIG. 6).

Example 3

Expression of REIC Protein in Cells Using
Ad-SGE-CMV-REIC

PC3 cells or Hel.a cells were transfected at 10 MOI (mul-
tiplicity of infection) in a serum free medium for 2 hours with:
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the recombinant adenovirus vector (Ad-SGE-CMV-REIC)
constructed in Example 2; and

a recombinant adenovirus vector (Ad-CMV-REIC) contain-
ing a construct that had been prepared by inserting only the

CMYV promoter to a site upstream of REIC/Dkk-3 DNA

(without inserting any 3xenh). After 12 hours, intracellular

expression of the human REIC protein was detected by

Western blot.

The results are shown in FIG. 7. As shown in FIG. 7, REIC
gene expression was significantly enhanced when Ad-SGE-
CMV-REIC was used, compared to the use of Ad-CMV-
REIC.

The results indicate that: increased therapeutic effects
(anti-tumor effects) can be expected in human cancer therapy
with Ad-SGE-CMV-REIC compared to the use of conven-
tional Ad-CMV-REIC, even when the dosages (viral par-
ticles) are the same; and adverse reactions can be expected to
be effectively reduced to an extent equivalent to that of the use
of conventional Ad-CMV-REIC by further decreasing the
dosage of the adenovirus vector.

Example 4
Cell Death Induction by Ad-SGE-CMV-REIC

For examination of in vitro cell death induction, cells were
plated on a flat-bottom 6-well plate and then cultured for 24
hours. Cells were transfected with Ad-SGE-CMV-REIC, Ad-
CMV-REIC, and a recombinant adenovirus vector (Ad-CAG-
REIC) containing a construct prepared by inserting only a
CAG promoter (the CAG promoter having a structure pre-
pared by ligating a CMV enhancer and a chicken f-actin
promoter to a site upstream of REIC/Dkk-3 DNA) without
inserting any 3xenh, at 50 MOI (multiplicity of infection) in
serum free media for 2 hours, followed by medium exchange
with fresh complete media. An adenovirus vector (Ad-LacZ)
containing a LLacZ gene was used a control. After 48 hours of
incubation, a Hoechst33342 stock solution with a concentra-
tion of 2 ng/ml was added, and then cells were incubated in
dark conditions for 10 minutes. Hoecht33342 is an interch-
elator dye that can be used when examining the total amount
and degree of the condensation of chromatin (Belloc F et al.,
Cytometry 1994; 17: 59-65, Maciorowski Z et al., Cytometry
1998;32: 44-50). Cells with highly condensed and segmented
nuclei observed using a fluorescent microscope were identi-
fied as non-viable (cell death), and then counted in 3 to 5
different visual fields under a microscope.

To detect cells, for which cell death had been confirmed in
vivo, a TUNEL (terminal deoxynucleotidyl transferase-me-
diated UTP end labeling) assay was performed using an In
situ Cell Detection Kit (Fluorescein (Roche)). Specifically,
tumor tissue was cut, immersed in an OCT compound, and
then quickly frozen in liquid nitrogen. Frozen section (10 um)
samples were fixed and washed using methanol for 30 min-
utes at room temperature, impregnated with PBS containing
0.1% Triton X-100, and then stained with a TUNEL reaction
mixture.

FIG. 8 shows cell death induction rate (%) for each type of
cells resulting from the use of each recombinant adenovirus.
As shown in FIG. 8, asignificantly higher cell death induction
rate (%) was obtained when Ad-SGE-CMV-REIC was used,
compared to other recombinant adenoviruses.

Example 5

Tumor Growth-Suppressing Effects of
Ad-SGE-CMV-REIC (No. 1)

2x10° RENCA cells (mouse kidney cancer-derived cells)
were subcutaneously injected to the right femur of female
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BALB/C mice (6 to 8-week-old) (4 mice per group) on day
[-7] (7 days before the initiation of treatment). On day O,
tumors were observed in each mouse. PBS containing 5x10°
viral particles/100 pl. (Ad-SGE-CMV-REIC, Ad-CMV-
REIC, or Ad-CAG-REIC) was intratumorally injected on day
0. An adenovirus vector (Ad-LacZ) containing a LacZ gene
was used as a control. Also, the same amount of PBS was
injected into each negative control mouse. Tumor size was
measured once every 2 weeks. Tumor volume was calculated
by the formula found by an experiment, “Vax(wWlxw2xw2)”

12

8-week-old female BALB/C mice (4 to 5 mice per group) on
day [-7] (7 days before the initiation of treatment). Tumors
were confirmed in each mouse on day 0. PBS containing
1x10° viral particles/100 pl  (Ad-SGE-CMV-REIC,
Ad-CMV-REIC, or Ad-CAG-REIC) was intratumorally
injected on day 0. An adenovirus vector (Ad-LacZ) contain-
ing a LacZ gene was used as a control. Also, the same amount
of PBS was injected to each negative control mouse. Tumor
size was measured once every 2 weeks. Tumor volume was

. : 10 i “l
(where “w1” denotes the greatest tumor dimension, and “w2” caéculazt)effi (b}ilthe ‘I:OrIlI}}léa fo?ndﬂll) Y an e?pf?mema. /ZX(V.VI x
: : w2xw2)” (where “w1” denotes the greatest tumor dimension
denotes the smallest tumor dimension). : and “w2” denotes the smallest tum%rr dimension) ,
The results are shown FIG. 9. As shown in FIG. 9, the :
Ad-SGE-CMV-REIC treatment group exhibited significantly The results are shown in FIG. 11. As shown in FIG. 11, the
lower tumor volumes compared to those in the other 4 groups, Ad-SGE-CMV-REIC treatment group exhibited significantly
and thus were confirmed to have the strongest tumor growth- 13 Jower tumor volumes compared to those of the 4 other groups,
suppressing effects compared to the 4 other groups. and thus confirmed to have the strongest tumor growth-sup-
Furthermore, subcutaneous tumors were exmsed on day 14 pressing effects compared to the 4 other groups.
from each treatment group. Photographs showing typical
tumors from two mice (from each treatment group) are shown
in FIG. 10. As shown in FIG. 10, the Ad-SGE-CMV-REIC 20 INDUSTRIAL APPLICABILITY
treatment group exhibited significantly lower tumor volumes
compared to those of the 4 other groups. The adenovirus vector of the present invention containing
Example 6 a DNA construct that contains REIC/Dkk-3 DNA can be used
as a cancer therapeutic drug.
- i 25 .
Tumor Growth-Suppressing Effects of Sequence Listing Free Text
Ad-SGE-CMV-REIC (No. 2) .
SEQ ID NOS: 8 and 9, primers
2x10° RENCA cells (mouse kidney cancer-derived cells) All publications, patents, and patent applications cited
were subcutaneously injected to the right femur of 6 to herein are incorporated herein by reference in their entirety.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 9
<210> SEQ ID NO 1
<211> LENGTH: 1053
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(1053)
<400> SEQUENCE: 1
atg cag cgg ctt ggyg gee acc ctg ctg tge ctyg cta ctg geg geg geyg 48
Met Gln Arg Leu Gly Ala Thr Leu Leu Cys Leu Leu Leu Ala Ala Ala
1 5 10 15
gte ccc acg goe cce geg cee get ceg acg geg acce teg get ceca gte 96
Val Pro Thr Ala Pro Ala Pro Ala Pro Thr Ala Thr Ser Ala Pro Val
20 25 30
aag ccc gge ccg get cte age tac ceg cag gag gag gec ace cte aat 144
Lys Pro Gly Pro Ala Leu Ser Tyr Pro Gln Glu Glu Ala Thr Leu Asn
35 40 45
gag atg ttec cge gag gtt gag gaa ctg gtg gag gac acg cag cac aaa 192
Glu Met Phe Arg Glu Val Glu Glu Leu Val Glu Asp Thr Gln His Lys
50 55 60
ttg cge age geg gty gaa gag atg gag gca gaa gaa gct get get aaa 240
Leu Arg Ser Ala Val Glu Glu Met Glu Ala Glu Glu Ala Ala Ala Lys
65 70 75 80
gca tca tca gaa gtg aac ctg gca aac tta cct cee age tat cac aat 288
Ala Ser Ser Glu Val Asn Leu Ala Asn Leu Pro Pro Ser Tyr His Asn
85 90 95
gag acc aac aca gac acyg aag gtt gga aat aat acc atc cat gtg cac 336
Glu Thr Asn Thr Asp Thr Lys Val Gly Asn Asn Thr Ile His Val His
100 105 110
cga gaa att cac aag ata acc aac aac cag get cga caa atg gte ttt 384
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Arg

tca
Ser

cac
His
145

ttt
Phe

cte
Leu

ggt
Gly

gac
Asp

gge
Gly
225

tgc
Cys

gag
Glu

tgc
Cys

gtg
Val

cece
Pro
305

ctyg
Leu

cct
Pro

Glu Ile His Lys Ile Thr Asn
115 120

gag aca gtt atc aca tct gtg
Glu Thr Val Ile Thr Ser Val
130 135

gag tgc atc atc gac gag gac
Glu Cys Ile Ile Asp Glu Asp
150

gce age tte cag tac acc tge
Ala Ser Phe Gln Tyr Thr Cys
165

tgc acc c¢gg gac agt gag tgc
Cys Thr Arg Asp Ser Glu Cys
180

cac tgc acc aaa atg gcc acc
His Cys Thr Lys Met Ala Thr
195 200

aac cag agyg gac tgc cag ccg
Asn Gln Arg Asp Cys Gln Pro
210 215

ctg ctg tte cct gtg tge ata
Leu Leu Phe Pro Val Cys Ile
230

cat gac ccc gee age cgg ctt
His Asp Pro Ala Ser Arg Leu
245

cct gat gga gcc ttg gac cga
Pro Asp Gly Ala Leu Asp Arg
260

cag ccc cac age cac age ctg
Gln Pro His Ser His Ser Leu
275 280

ggg agc cgt gac caa gat ggg
Gly Ser Arg Asp Gln Asp Gly
290 295

gat gag tat gaa gtt ggc agce
Asp Glu Tyr Glu Val Gly Ser
310

gag gac ctg gag agg agc ctg
Glu Asp Leu Glu Arg Ser Leu
325

gcg gcot gec gecc get gca ctg
Ala Ala Ala Ala Ala Ala Leu
340

<210> SEQ ID NO 2

<211> LENGTH: 350

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met

1

Val

Lys

Glu

Gln Arg Leu Gly Ala Thr Leu
5

Pro Thr Ala Pro Ala Pro Ala
20

Pro Gly Pro Ala Leu Ser Tyr
35 40

Met Phe Arg Glu Val Glu Glu
50 55

Asn

gga
Gly

tgt
Cys

cag
Gln

tgt
Cys
185

agg
Arg

999
Gly

cce
Pro

ctyg
Leu

tgce
Cys
265
gtg
Val

gag
Glu

ttc
Phe

act
Thr

ctyg
Leu
345

Leu
Pro
25

Pro

Leu

Gln

gac
Asp

999
Gly

cca
Pro
170

gga
Gly

gge
Gly

ctyg
Leu

ctyg
Leu

gac
Asp
250
cet

Pro

tat
Tyr

ate
Ile

atg
Met

gaa
Glu
330

gga
Gly

Cys
10
Thr

Gln

Val

Ala

gaa
Glu

cce
Pro
155
tgc
Cys

gac
Asp

agc
Ser

tge
Cys

cce
Pro
235

cte
Leu

tgt
Cys

gtg
Val

ctg
Leu

gag
Glu
315

gag
Glu

999
Gly

Leu

Ala

Glu

Glu

Arg

gaa
Glu
140
age

Ser

cgg
Arg

cag
Gln

Asn

tgt
Cys
220

gtg
Val

ate
Ile

gece
Ala

tgc
Cys

ctyg
Leu
300

gag
Glu

atg
Met

gaa
Glu

Leu

Thr

Glu

Asp
60

Gln
125

gge
Gly

atg
Met

gge
Gly

ctyg
Leu

999
Gly
205

gee

Ala

gag
Glu

acce
Thr

agt
Ser

aag
Lys
285
cce

Pro

gtg
Val

gecg
Ala

gag
Glu

Leu

Ser

Ala

45

Thr

Met

aga
Arg

tac
Tyr

cag
Gln

tgt
Cys
190

accec

Thr

ttc
Phe

gge
Gly

tgg
Trp

gge
Gly
270

ccg
Pro

aga
Arg

cge
Arg

ctyg
Leu

att
Ile
350

Ala
Ala
30

Thr

Gln

Val

agg
Arg

tgce
Cys

agg
Arg
175

gte
Val

ate
Ile

cag
Gln

gag
Glu

gag
Glu
255
cte

Leu

ace
Thr

gag
Glu

cag
Gln

999
Gly
335

tag

Ala
15
Pro

Leu

His

Phe

agc
Ser

cag
Gln
160
atg
Met

tgg
Trp

tgt
Cys

aga
Arg

ctt
Leu
240

cta
Leu

cte
Leu

ttc
Phe

gte
Val

gag
Glu
320

gag
Glu

Ala

Val

Asn

Lys

432

480

528

576

624

672

720

768

816

864

912

960

1008

1053
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-continued

Leu Arg Ser Ala Val Glu Glu Met Glu Ala Glu Glu Ala Ala Ala Lys
65 70 75 80

Ala Ser Ser Glu Val Asn Leu Ala Asn Leu Pro Pro Ser Tyr His Asn
85 90 95

Glu Thr Asn Thr Asp Thr Lys Val Gly Asn Asn Thr Ile His Val His
100 105 110

Arg Glu Ile His Lys Ile Thr Asn Asn Gln Ala Arg Gln Met Val Phe
115 120 125

Ser Glu Thr Val Ile Thr Ser Val Gly Asp Glu Glu Gly Arg Arg Ser
130 135 140

His Glu Cys Ile Ile Asp Glu Asp Cys Gly Pro Ser Met Tyr Cys Gln
145 150 155 160

Phe Ala Ser Phe Gln Tyr Thr Cys Gln Pro Cys Arg Gly Gln Arg Met
165 170 175

Leu Cys Thr Arg Asp Ser Glu Cys Cys Gly Asp Gln Leu Cys Val Trp
180 185 190

Gly His Cys Thr Lys Met Ala Thr Arg Gly Ser Asn Gly Thr Ile Cys
195 200 205

Asp Asn Gln Arg Asp Cys Gln Pro Gly Leu Cys Cys Ala Phe Gln Arg
210 215 220

Gly Leu Leu Phe Pro Val Cys Ile Pro Leu Pro Val Glu Gly Glu Leu
225 230 235 240

Cys His Asp Pro Ala Ser Arg Leu Leu Asp Leu Ile Thr Trp Glu Leu
245 250 255

Glu Pro Asp Gly Ala Leu Asp Arg Cys Pro Cys Ala Ser Gly Leu Leu
260 265 270

Cys Gln Pro His Ser His Ser Leu Val Tyr Val Cys Lys Pro Thr Phe
275 280 285

Val Gly Ser Arg Asp Gln Asp Gly Glu Ile Leu Leu Pro Arg Glu Val
290 295 300

Pro Asp Glu Tyr Glu Val Gly Ser Phe Met Glu Glu Val Arg Gln Glu
305 310 315 320

Leu Glu Asp Leu Glu Arg Ser Leu Thr Glu Glu Met Ala Leu Gly Glu
325 330 335

Pro Ala Ala Ala Ala Ala Ala Leu Leu Gly Gly Glu Glu Ile
340 345 350

<210> SEQ ID NO 3

<211> LENGTH: 117

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

atgcagecgge ttggggecac cctgetgtge ctgctactgg cggeggeggt ccccacggec 60

cecegegeceg ctecgacgge gacctegget ccagtcaage ceggeccgge tctcage 117
<210> SEQ ID NO 4

<211> LENGTH: 234

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

atgcagecgge ttggggecac cctgetgtge ctgctactgg cggeggeggt ccccacggec 60

cecegegecaeg ctecgacgge gacctegget ccagtcaage ceggeccgge tcetcagetac 120

ccgcaggagg aggccaccct caatgagatg ttecgegagg ttgaggaact ggtggaggac 180
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acgcagcaca aattgegecag cgcggtggaa gagatggagg cagaagaage tgcet

<210> SEQ ID NO 5
<211> LENGTH: 262

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 5

tgactgactg

tetgttgttt

ctttectaat

99999t gggy

ggggatgegg

acgtttaaac

gecectecce

aaaatgagga

tggggcagga

tgggctctat

<210> SEQ ID NO 6
<211> LENGTH: 2355

<212> TYPE:

DNA

ccgetgatcea

cgtgecttec

aattgcatcg

cagcaagggyg

g9

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 6

tctagagcac

tcecccacgge

ctctcageta

tgatggagga

ctgetgetaa

agaccaacac

agataaccaa

gagacgaaga

tgtactgeca

tctgeacceeyg

aaatggccac

ggctgtgctg

agggcgagct

agcctgatgg

gccacagect

agatcctget

tgcgccagga

ctgeggetge

atgactaacg

gttgtttgec

tcctaataaa

ggtggggtgy

gatgcggtgg

catgcagegyg

ccecegagece

ccegecaggag

cacgcagcac

agcatcatca

agacacgaag

caaccagact

aggcagaagg

gtttgccage

ggacagtgag

caggggcagc

tgccttecag

ttgccatgac

agccttggac

ggtgtatgtg

gcccagagag

gctggaggac

cgcegetgea

tttaaacccyg

ccteceeegt

atgaggaaat

ggcaggacag

getetatgge

cttggggeca

getecgacgyg

gaggccacce

aaattgcgca

gaagtgaacc

gttggaaata

ggacaaatgg

agccacgagt

ttccagtaca

tgctgtggag

aatgggacca

agaggcctge

ccegecagec

cgatgeecett

tgcaagccga

gtcecegatyg

ctggagagga

ctgctgggag

ctgatcagec

gecttectty

tgcatcgecat

caagggggag

ggagtactgt

Synthetic

gectegactyg

ttgaccctygyg

cattgtctga

gaggattggg

Synthetic

cecctgetgty

cgacctegge

tcaatgagat

gegeggtgga

tggcaaactt

ataccatcca

tcttttecaga

gcatcatcga

cctgecagec

accagcetgtyg

tctgtgacaa

tgttceetgt

ggcttetgga

gtgccagtgg

ccttegtggy

agtatgaagt

gectgactga

gggaagagat

tcgactgtge

accctggaag

tgtctgagta

gattgggaag

cctecgette

tgccttetag

aaggtgccac

gtaggtgtca

aagacaatag

cctgetgety

tccagtcaag

gtteegegag

agagatggag

acctcecage

tgtgcaccga

gacagttatc

cgaggactgt

atgccggggc

tgtctggggt

ccagagggac

gtgcacacce

cctcatcace

cctectetge

gagccgtgac

tggcagette

agagatggcg

ttagggggta

cttctagttyg

gtgccactee

ggtgtcatte

acaatagcag

ccacgtggeyg

ttgccageca

tcccactgte

ttctattetg

caggcatget

geggeggcegg

cceggecegyg

gttgaggaac

gcagaagaag

tatcacaatg

gaaattcaca

acatctgtygyg

gggcccagca

cagaggatgce

cactgcacca

tgccagcegyg

ctgeccegtyy

tgggagctag

cagccccaca

caagatgggg

atggaggagg

ctgggggage

cceceggetag

ccagccatet

cactgtecett

tattctgggy

gcatgctggg

gagggactgg

234

60

120

180

240

262

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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-continued
ggacccggge accegtectg ccccttcace ttecagetee gectecteeg cgeggaceee 1440
geeeegteee gaccectceee gggteccegg ccecageccee teecgggecect cecagccect 1500
ccecttectt tecgeggecece cgccctetee tegeggegeg agttttggaa agtccccagg 1560
ctcceccagca ggcagaagta tccaaagcat ccatctcaat tagtcagcaa ccaggtgtgg 1620
aaagtcccca ggcteccccag caggcagaag tatccaaagce atccatctca attagtcagce 1680
aaccatagtc ccgcccectaa ctccgeccat cecgeccecta actecgecca gttecgecca 1740
ttctececgece catggctgac taattttttt tatttatgca gaggccgagg ccgectetgce 1800
ctctgagcta ttccagaagt agtgaggagg cttttttgga ggccaaggct tttgcaaaaa 1860
gcteegttac ataacttacg gtaaatggcce cgcctggctg accgceccaac gacccccegec 1920
cattgacgtc aataatgacg tatgttccca tagtaacgcc aatagggact ttccattgac 1980
gtcaatgggt ggagtattta cggtaaactg cccacttggc agtacatcaa gtgtatcata 2040
tgccaagtac gcccectatt gacgtcaatg acggtaaatg gecccgectgg cattatgecce 2100
agtacatgac cttatgggac tttcctactt ggcagtacat ctacgtatta gtcatcgcta 2160
ttaccatggt gatgcggttt tggcagtaca tcaatgggcg tggatagcgg tttgactcac 2220
ggggatttcc aagtctccac cccattgacg tcaatgggag tttgttttgg caccaaaatc 2280
aacgggactt tccaaaatgt cgtaacaact ccgccccatt gacgcaaatg ggcggtaggce 2340
gtgttgcegg aattc 2355
<210> SEQ ID NO 7
<211> LENGTH: 1285
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 7
gtttaaacce gctgatcage ctcgactgtg ccttctagtt gecagecatce tgttgtttge 60
cectecceeg tgccttectt gaccctggaa ggtgccacte ccactgtect ttectaataa 120
aatgaggaaa ttgcatcgca ttgtctgagt aggtgtcatt ctattctggyg gggtggggtyg 180
gggcaggaca gcaaggggga ggattgggaa gacaatagca ggcatgcetgg ggatgceggtyg 240
ggctcectatgyg cggagtactg tccteegett cccacgtgge ggagggactg gtecteceget 300
tceccacgtgg cggagggact ggggaccegg geacccegtece tgcecccttceca ccttecaget 360
cegectecte cgcgeggace ccgceceegte cegaccecte cegggtceccee ggceccagece 420
ccteegggee cteccagece cteccecttee tttecgegge ceegecctet cctegeggeg 480
cgagttttgg aaagtcccca ggctccccag caggcagaag tatccaaage atccatctca 540
attagtcagce aaccaggtgt ggaaagtccce caggctcceece agcaggcaga agtatccaaa 600
gcatccatcet caattagtca gcaaccatag tcccgeccct aactccegecce atcccgecce 660
taactccgee cagttecgece cattctecge cecatggetyg actaattttt tttatttatg 720
cagaggccga ggccgectcet gectctgage tattccagaa gtagtgagga ggettttttg 780
gaggccaagyg cttttgcaaa aagctccgtt acataactta cggtaaatgg ccecgectgge 840
tgaccgccca acgaccceccg cccattgacg tcaataatga cgtatgttece catagtaacg 900
ccaataggga ctttccattg acgtcaatgg gtggagtatt tacggtaaac tgcccacttg 960
gcagtacatc aagtgtatca tatgccaagt acgcccccta ttgacgtcaa tgacggtaaa 1020
tggccegect ggcattatge ccagtacatg accttatggg actttecctac ttggcagtac 1080
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22

-continued

atctacgtat

cgtggatage
agtttgtttt

ttgacgcaaa tgggcggtag gcgtg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 8

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

<400> SEQUENCE: 8

atgagacata ttatctgcca ¢

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 9

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Primer

<400> SEQUENCE: 9

gtaagtcaat cccttectge ac

tagtcatcge tattaccatg gtgatgeggt tttggcagta catcaatggg
ggtttgactce acggggattt ccaagtctcce accccattga cgtcaatggg

ggcaccaaaa tcaacgggac tttccaaaat gtcgtaacaa ctecgeccca

1140

1200

1260

1285

21

22

The invention claimed is:

1. A DNA construct for expression of REIC/Dkk-3 DNA,
which is prepared by ligating the following (i) to (iv) in this
order, from the 5' terminal side:

(1) a CMV promoter;

(ii) the following REIC/Dkk-3 DNA:

(a) DNA comprising the nucleotide sequence shown in
SEQIDNO: 1, or
(b) a polynucleotide consisting of SEQ ID NO: 3 or SEQ
ID NO: 4;
(iii) a polyA addition sequence; and
(iv) enhancers prepared by linking an hTERT (Telomerase
Reverse Transcriptase) enhancer, an SV40 enhancer,
and a CMV enhancer in this order.

2. The DNA construct according to claim 1, wherein the
polyA addition sequence is a polyA addition sequence of
bovine growth hormone gene.

30

35

40

45

3. The DNA construct according to claim 1, containing the
nucleotide sequence shown in SEQ ID NO: 6, wherein (ii) the
REIC/Dkk-3 DNA, (iii) the poly A addition sequence, and (iv)
the enhancers prepared by linking the hTERT (Telomerase
Reverse Transcriptase) enhancer, the SV40 enhancer, and the
CMYV enhancer in this order are ligated.

4. The DNA construct according to claim 1, containing the
nucleotide sequence shown in SEQ ID NO: 6.

5. An adenovirus vector, containing the DNA construct
according to claim 1.

6. A cancer cell death-inducing agent, containing the aden-
ovirus vector according to claim 5.

7. A tumor cell growth-suppressing agent, containing the
adenovirus vector according to claim 5.

8. A cancer therapeutic drug, containing the adenovirus
vector according to claim 5.

#* #* #* #* #*



